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SECTI ON 03101

FORMAORK FOR CONCRETE
1 GENERAL
1.1 REFERENCES
The publications listed below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.
AMERI CAN CONCRETE | NSTI TUTE (ACl)
ACl 347R (1994) cGuide for Formmrk for Concrete

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM C 31 (1994) Making and Curing Concrete Test Specinens in the Field
ASTM C 39 (1993a) Conpressive Strength of Cylindrical Concrete Specinens
ASTM C 1074 (1993) Estimating Concrete Strength by the Maturity Method

ASTM C 1077 (1995a) Laboratories Testing Concrete and Concrete Aggregates

for Use in Construction and Criteria for Laboratory Eval uation
DEPARTMENT OF COMMERCE ( DOC)

DOC PS 1 (1983) Construction and I ndustrial Plywood
1.2 DESI GN REQUI REMENTS

The design, engineering, and construction of theformwrk shall be the
responsibility of the Contractor. Theformwork shall be designed for
anticipated |ive and dead | oads and shall conply with the tol erances specified
in Section 03301 CAST-I|N-PLACE STRUCTURAL CONCRETE, paragraph CONSTRUCTI ON
TOLERANCES. However, for surfaces with an AClI Class A surface designation,
the allowabl e deflection for facing material between studs, for studs between
wal ers and wal ers between bracing shall be limted to 0.0025 tines the span.
The formwmrk shall be designed as a conplete systemw th consideration given
to the effects of cenmentitious materials and mixture additives such as fly
ash, cenment type, plasticizers, accelerators, retarders, air entrainnent, and
others. The adequacy of formwork design and construction shall be nonitored
prior to and during concrete placement as part of the Contractor's approved
Quality Control PIan.

1.3 SUBM TTALS

Government approval is required for all submittals with a "GA" designation;
submi ttals having an "FIO' designation are for information only. The follow ng
shall be submitted in accordance with Section 01300 SUBM TTAL PROCEDURES:
SD-01 Data

Materials; FIO

Manuf acturer's literature shall be subnmtted for plywod, concrete form hard
board, form accessories, prefabricated forns, and form coating.

SD- 04 Dr awi ngs
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Shop Drawi ngs; FIO.

Drawi ngs and desi gn conputations for all formwork required shall be subnmitted at
least 30 days either before fabrication on site or before delivery of
prefabricated forns.

SD- 08 Statenents

Shop Drawi ngs; FIO.

If reshoring is pernmitted, the method, including |ocation, order, and tine of
erection and renoval shall also be submitted for review

SD- 09 Reports
I nspection; FIO

The Contractor shall submit field inspection reports for concrete fornmsand
enmbedded itens.

For mwor k Not Supporting Weight of Concrete GA

If forms are to be renoved in |l ess than 24 hours onformmrk not supporting
wei ght of concrete, the evaluation and results of the control cylinder tests
shall be submitted to and approved before the forns are renoved.

SD- 14 Sanpl es

Sampl e Panel s; GA

After shop draw ngs have been revi ewed, sanple panels for Class A finish shall
be built on the project site where directed.

1.4 SHOP DRAW NGS

The shop draw ngs and data submitted shall include the type, size, quantity, and
strength of all materials of which the forns are made, the plan for jointing of
faci ng panels, details affecting the appearance, and the assuned design val ues
and | oadi ng conditions.

1.5 SAMPLE PANELS

Panel s shall be of sufficient size to contain joints and shall be not |ess than
6 feet long and 4 feet wide. The panels shall be of typical wall thickness and

constructed containing the full allocation of reinforcing steel that will be used
in the structure, with the form ng systemthat duplicates in every detail the one
that will be used in construction of the structure. The sanme concrete m xture

proportion and materials, the same placenment techniques and equi pnent, and the
same finishing techniques and timng shall be used that are planned for the
structure. Construction of Class A finish will not be permitted until sanple
panel s have been approved. Sanple panels shall be protected from construction
operations in a manner to protect approved finish, and are not to be renopved
until all Class A finish concrete has been accepted.

2 PRODUCTS
2.1 MATERI ALS

2.1.1 Forns
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Fornms and formliners shall be fabricated with facing materials that will produce
a finish meeting the specified construction tolerance requirenments and the
following surface classifications as defined in ACI 347R and as adjusted in
Section 03301 CAST-1 N PLACE STRUCTURAL CONCRETE.

2.1.1.1 Class "A" Finish

This class of finish shall apply to all concrete surfacesdesigned to be exposed
to flowing water during the life of the structure. The form facing materi al
shall be conposed of new, well-matched tongue-and-groove |umber or new pl ywood
panel s conforming to DOC PS 1, Grade B-B concrete form Class |.

2.1.1.2 Class "B" Finish
This class of finish shall apply to all exposed surfaces except those specified

to receive Class A or Class D. The form facing material shall be conposed of
t ongue- and- groove or shiplap |unmber, plywod confornming to DOC PS 1, Grade B-B

concrete form tenpered concrete formhard board or steel. Steel lining on wood
sheathing will not be permtted

2.1.1.3 Class "D' Finish

This class of finish shall apply to concrete faces against which earth fill wll

be placed. The form facing may be of wood or steel.
2.1.2 Form Coati ng

Form coating shall be comrercial fornulation that will not bond with, stain,
cause deterioration, or any other danage to concrete surfaces. The coating shal
not inpair subsequent treatment of concrete surfaces depending upon bond or
adhesi on nor inpede the wetting of surfaces to be cured with water or curing
compounds. If special formliners are to be used, the Contractor shall follow
the recommendati on of the form coating manufacturer.

2.2  ACCESSCRI ES

Ties and other simlar formaccessories to be partially or wholly enbedded in the
concrete shall be of a comrercially manufactured type. After the ends or end
fasteners have been renpved, the enbedded portion of netal ties shall term nate
not less than 2 inches from any concrete surface either exposed to view or
exposed to water. Plastic snap ties may be used in | ocations where the surface
will not be exposed to view Formties shall be constructed so that the ends or
end fasteners can be renmpved wi thout spalling the concrete.

3 EXECUTI ON
3.1 | NSTALLATI ON
3.1.1 Form Construction

Forns shall be constructed true to the structural design and required alignnent.
The form surface and joints shall be nortar tight and supported to achi eve safe

performance during construction, concrete placenent, and form renoval. The
Contractor shall continuously nmonitor the alignment and stability of the forms
during all phases to assure the finished product will neet the required surface

cl asses specified in paragraph FORMS and tol erances specified in paragraph DESI GN
REQUI REMENTS. Failure of any supporting surface either due to surface texture,
defl ection or form collapse shall be the responsibility of the Contractor as will
the replacenent or correction of unsatisfactory surfaces. Wen fornms for
conti nuous surfaces are placed in successive units, care shall be taken to fit
the forns over the conpleted surface to obtain accurate alignment of the surface
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and to prevent |eakage of nortar. Forns shall not be re-used if there is any
evi dence of defects which would inpair the quality of the resulting concrete
surface. All surfaces of used fornms shall be cleaned of nortar and any other
foreign material before reuse.

3.1.2 Chanfering
Al'l exposed joints, edges and external corners shall be chanfered by nolding

placed in the forms unless the drawi ngs specifically state that chanfering is to
be onitted or as otherwi se specified. Chanfered joints shall not be permtted

where earth or rockfill is placed in contact with concrete surfaces. Chanfered
joints shall be termnated twelve (12) inches outside the linit of the earth or
rockfill so that the end of the chanfers will be clearly visible.

3.1.3 Coating

Forms for exposed or painted surfaces shall be coated with formoil or a form
rel ease agent before the formor reinforcement is placed in final position. The
coating shall be used as reconmended in the manufacturer's instructions. Forns
for unexposed surfaces may be wet with water in lieu of coating immediately
bef ore placing concrete, except that, in cold weather when freezing tenperatures
are anticipated, coating shall be mandatory. Surplus coating on form surfaces
and coating on reinforcing steel and construction joints shall be renpved before
pl aci ng concrete.

3.2 FORM REMOVAL

Forms shall not be removed without approval. The mnimal tinme required for
concrete to reach a strength adequate for renoval of formmrk w thout risking the
safety of workers or the quality of the concrete depends on a nunber of factors
including, but not linmted to, anbient tenperature, concrete |lift heights, type
and amount of concrete admi xture, and type and anmount of cenentitious materia
in the concrete. It is the responsibility of the Contractor to consider all
applicable factors and |l eave the forns in place until it is safe to renpve them
In any case forns shall not be renmoved unl ess the m ni mum conpressive strength
requi rements below are net, except as otherwise directed or specifically
aut hori zed. When conditions are such as to justify the requirement, forms wll
be required to remain in place for a |onger period. Al'l renoval shall be
acconpl i shed in a manner which will prevent danage to the concrete and ensure the
conpl ete safety of the structure. Where forns support nore than one el enent, the
fornms shall not be rempved until the form renmoval criteria are met by all
supported el ements. Form removal shall be scheduled so that all necessary
repairs can be perfornmed as specified in Section 03301 CAST-1 N PLACE STRUCTURAL
CONCRETE, paragraph FORMED SURFACES. Evi dence that concrete has gained
sufficient strength to pernit renoval of fornms shall be determ ned by tests on
control cylinders. All control cylinders shall be stored in the structure or as
near the structure as possible so they receive the sane curing conditions and
protection nmethods as given those portions of the structure they represent.
Control cylinders shall be renoved fromthe nmolds at an age of no nmore than 24
hours. All control cylinders shall be prepared and tested in accordance with
ASTM C 31 and ASTM C 39 at the expense of the Contractor by an independent
| aboratory that conmplies with ASTM C 1077 and shall be tested within 4 hours
after renoval fromthe site.

3.2.1 Formmork Not Supporting Weight of Concrete

Formwmork for walls, colums, sides of beans, gravity structures, and other
vertical type formwrk not supporting the weight of concrete shall not be renoved
in less than 24 hours after concrete placenent is conpleted.

3.2.2 Formmork Supporting Weight of Concrete
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For mwor k supporting wei ght of concrete and shoring shall not be removed until
structural nenbers have acquired sufficient strength to safely support their own
wei ght and any construction or other superinposed |oads to which the supported
concrete may be subjected. As a minimum forns shall be left in place until
control concrete test cylinders indicate evidence the concrete has attai ned at
| east 70 percent of the conpressive strength required for the structure in
accordance with the quality and location requirenents of 03301 CAST-I|N PLACE
STRUCTURAL CONCRETE, paragraph REQUI RED AVERAGE COMPRESSI VE STRENGTH.

3.3 | NSPECTI ON

Forms and enbedded itens shall be inspected in sufficient time prior to each
concrete placenent by the Contractor in order to certify to the Contracting
Oficer that they are ready to receive concrete. The results of each inspection
shall be reported in witing.

- End of Section -
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SECTI ON 03150
EXPANSI ON, CONTRACTI ON AND CONSTRUCTI ON JO NTS | N CONCRETE
1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AVMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM D 1751 (1983; R 1991) Preforned Expansion Joint Filler for
Concrete Paving and Structural Construction (Non-
extrudi ng and Resilient Bitum nous Types)

ASTM D 1752 (1984; R 1992) Preforned Sponge Rubber and Cork
Expansion Joint Fillers for Concrete Paving and
Structural Construction

ASTM D 2628 (1991) Preformed Pol ychl oroprene El astoneric Joint
Seal s for Concrete Pavenents

ASTM D 2835 (1989) Lubricant for Installation of Preformed
Compr ession Seals in Concrete Pavenents

FEDERAL SPECI FI CATI ONS ( FS)

FS TT-S- 00227 (Rev EE Am 3) Seal ing Conpound: El astomeric Type,
Mul ti - Conponent (for Caul king, Sealing, and dazing in
Bui | di ngs and Ot her Structures)

1.2 SUBM TTALS

Government approval is required for all submttals with a "GA" designation;
subnmittals having an "FI O' designation are for information only. The
following shall be subnmitted in accordance with Section 01300 SUBM TTAL
PROCEDURES:

SD- 09 Reports

Prenol ded Expansion Joint Filler Strips GA. Conpression Seals and Lubricant;
GA.

Prenol ded expansion joint filler strips, conpression seals and lubricant will
be accepted on the basis of the manufacturer's certification of conpliance
acconpani ed by test reports that nmaterials neet the requirenents of the

speci fication under which they are furnished. No materials shall be used
until notice of acceptance has been given by the Contracting O ficer.
Certified copies of the manufacturer’s test reports shall be subnitted not

| ess than 30 days before the materials are required in the work. Test reports
of more than 6 nonths ol ds shall be rejected and that the materials shall be
retested in conformance with paragraph MATERI ALS TESTS.

2 PRODUCTS
2.1 MATERI ALS
2.1.1 Prenol ded Expansion Joint Filler Strips
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Prenol ded expansion joint filler strips shall conformto ASTM D 1751 or ASTM D
1752, Type |, or resin inpregnated fiberboard confornmng to the physica
requi rements of ASTM D 1752

2.1.2 Joint Seals and Seal ants
2.1.2.1 Fi el d Mol ded Seal ants and Pri mer

Field nol ded seal ants shall conformto FS TT-S-00227, Type Il for vertica
joints and Type | for horizontal joints, Class A Bond breaker material shal
be pol yet hyl ene tape, coated paper, metal foil or sinmilar type materials. The
back-up material shall be conpressible, non-shrink, non-reactive with seal ant,
and non-absorptive material type such as extruded butyl or polychl oroprene

f oam rubber.

2.1.2.2 Compr essi on Seal s and Lubri cant

Compr essi on seals shall conformto ASTM D 2628; lubricant for installation
shall conformto ASTM D 2835

2.2 MATERI ALS TESTS
2.2.1 Field-Mlded Seal ant s

Sampl es of sealant and prinmer, when use of primer is recommended by the

manuf acturer, as required in paragraph FIELD MOLDED SEALANT AND PRI MER shal

be tested by and at the expense of the Contractor for conpliance with FS TT-S-
00227. If the sanple fails to neet specification requirenments, new sanmpl es
shall be tested and the cost of retesting will be borne by the Contractor.

3 EXECUTI ON
3.1 | NSTALLATI ON

Joint locations and details, including materials and nethods of installation
of joint fillers, shall be as specified, as shown, and as directed. 1In no
case shall any fixed nmetal be continuous through an expansi on or contraction
joint. Concrete shall be fully cured (28 days) prior to the installation of
j oint seal ant.

3.1.1 Expansion Joints

Prenol ded filler strips shall have oiled wood strips secured to the top

t hereof and shall be accurately positioned and secured agai nst displacenent to
cl ean, snmooth concrete surfaces. The wood strips shall be slightly tapered,
dressed and of the size required to install filler strips at the desired |evel
bel ow t he finished concrete surface and to formthe groove for the joint

seal ant or seals to the size shown. Material used to secureprenplded fillers
and wood strips to concrete shall not harmthe concrete and shall be
compatible with the joint sealant or seals. The wood strips shall not be
renoved until after the concrete curing period. The groove shall be

t horoughly cl eaned of all laitance, curing conmpound, foreign materials,
protrusi ons of hardened concrete and any dust which shall be bl own out of the
groove with oil-free conpressed air.

3.1.1.1 Joints Wth Fi el d- Mol ded Seal ant
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Joints shall not be seal ed when the sealant, air or concrete tenperatureis

| ess than 40 degrees F. Bond breaker and back-up material shall be installed
where required. Joints shall be prined and filled flush with joint sealant in
accordance with the manufacturer's recomendati ons.

3.1.1.2 Joints Wth Prefornmed Conpression Seals

The joint seals shall be installed with equi prent which shall be capabl eof
installing joint seals to the prescribed depth wi thout cutting, nicking,

twi sting, or otherwi se distorting or damagi ng the seal and with no nore than
five percent stretching of the seal. The sides of the joint and, if
necessary, the sides of the conpression seal shall be covered with a coating
of lubricant, and the seal shall be installed to the depth indicated with
joint installation equiprment. Butt joints shall be coated with libera
applications of |ubricant.

3.1.2 Contraction Joints

Joints requiring a bond breaker shall be coated with curing conpound or with
bi t um nous paint.

-- End of Section --
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SECTI ON 03210

STEEL BARS FOR CONCRETE REI NFORCEMENT

1 GENERAL

1.1 REFERENCES

The publications listed below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AMERI CAN CONCRETE | NSTI TUTE (ACl)

ACl 315 (1980; R 1986) ACI Detailing Manual: Section Details
and Detailing of Concrete Reinforcenent

ACl 318/ 318R (1995) Buil ding Code Requirenments for Reinforced
Concrete

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM A 370 (1994) Mechani cal Testing of Steel Products

ASTM A 615/ A 615M (1993) Deforned and Plain Billet-Steel Bars for
Concrete Rei nforcenent

ASTM A 706/ A 706M (1993a) Low-Alloy Steel Deforned Bars for Concrete
Rei nf or cenent

ASTM A 775/ A 775M (1993a) Epoxy-Coated Reinforcing Steel Bars

1.2 SUBM TTALS

Governnment approval is required for all submittals with a "GA" designation;
subnmittals having an "FI O' designation are for information only. The
following shall be subnmitted in accordance with Section 01300 SUBM TTAL
PROCEDURES:

SD- 04 Dr awi ngs

Fabrication and Pl acement; GA.

The Contractor shall subnit shop drawi ngs which include reinforcement steel
pl acement draw ngs; reinforcenent steel schedul es showi ng quantity, size,
shape, dinensions, weight per foot, total weights and bending details; and
details of bar supports show ng types, sizes, spacing and sequence.

SD- 09 Reports

Materials; GA. Tests, Inspections, and Verifications; GA.

Certified tests reports of reinforcenment steel showing that the steel conplies
with the applicable specifications shall be furnished for each steel shipnent
and identified with specific lots prior to placenment. Three copies of the

heat anal yses shall be provided for each lot of steel furnished and the
Contractor shall certify that the steel conforms to the heat anal yses.
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SD-13 Certificates
Epoxy- Coat ed Bars; FIO

Witten certification for coating material and coated bars shall be submtted
with the delivery of the bars.

SD- 14 Sanpl es
Epoxy- Coated Bars; FIO

Sampl e of coating material and 1.5 pounds of patching material shall be
subnmitted with the delivery of the bars.

SD- 18 Records
Materi al s; GA

A system of identification which shows the disposition of specific |ots of
approved materials in the work shall be established and subnmitted before
compl etion of the contract.

2 PRODUCTS
2.1 MATERI ALS
2.1.1 Steel Bars

Steel bars shall conply with the requirenments of ASTM A 615/ A 615M ASTM A
706/ A 706M defornmed, of the grade 60 bars. Yield strength fy) exceedi ng
60, 000 psi, shall be the stress corresponding to a strain of 0.35 percent.

2.1.1.1 Epoxy- Coat ed Bars

Epoxy-coated steel bars shall conmply with the requirements of ASTM A 775/ A
775M

2.1.2 Accessories
2.1.2.1 Bar Supports

Bar supports shall conply with the requirenents of ACI 315. Supports for bars
in concrete with formed surfaces exposed to view or to be painted shall be

pl astic-coated wire, stainless steel or precast concrete supports. Precast
concrete supports shall be wedged-shaped, not |arger than 3-1/2 by 3-1/2

i nches, of thickness equal to that indicated for concrete cover and have an
enbedded hooked tie-wire for anchorage. Bar supports used inprecast concrete
with formed surfaces exposed to view shall be the same quality, texture and
color as the finish surfaces.

2.1.2.2 Wre Ties

Wre ties shall be 16 gage or heavier black annealed wire. Ties for epoxy-
coated bars shall be vinyl-coated or epoxy-coated.

2.2 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS
The Contractor shall have material tests required by applicable standards and
specified herein performed by an approved | aboratory and certified to

demonstrate that the materials are in conformance with the specifications.
Tests shall be performed and certified at the Contractor's expense.
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2.2.1 Reinforcement Steel Tests

Mechani cal testing of steel shall be in accordance with ASTM A 370 except as
ot herwi se specified or required by the material specifications. Tension tests
shall be performed on full cross-section specinmens using a gage | ength that
spans the extrem ties of specinens with welds or sleeves included. Chem ca
anal yses of steel heats shall show the percentages of carbon, phosphorous,
manganese, sul phur and silicon present in the steel

2.2.2 (DELETED)

2.2.3 (DELETED)

2.2.4 (DELETED)

3 EXECUTI ON

3.1 FABRI CATI ON AND PLACEMENT

Rei nf orcenment steel and accessories shall be fabricated and pl aced as

speci fied and shown and approved shop drawi ngs. Fabrication and pl acenent
details of steel and accessories not specified or shown shall be in accordance
with ACH 315 and ACI 318/ 318R al so or as directed. Steel shall be fabricated
to shapes and di mensi ons shown, placed where indicated within specified

tol erances and adequately supported during concrete placement. At the time of
concrete placenent all steel shall be free fromloose, flaky rust, scale
(except tight mll scale), nud, oil, grease or any other coating that m ght
reduce the bond with the concrete.

3.1.1 Hooks and Bends

Steel bars, except epoxy-coated, shall be mlIl or field-bent. Epoxy-coated
bars shall be mll-bent prior to coating. All steel shall be bent cold unless

aut hori zed. No steel bars shall be bent after being partially enbedded in
concrete unl ess indicated or authorized

3.1.2 (DELETED)

3.1.3 Placing Tol erances

3.1.3.1 Spaci ng

The spaci ng between adjacent bars and the distance between |ayers of bars may
not vary fromthe indicated position by nore than one bar diameter nor nore
than 1 inch.

3.1.3.2 Concrete Cover

The m ni rum concrete cover of mmin reinforcement steel bars shall be as shown.
The all owabl e variation for m ni num cover shall be as foll ows:

M NI MUM COVER VARI ATl ON
6 i nch plus 1/2 inch

4 inch plus 3/8 inch

3 inch plus 3/8 inch

2 inch plus 1/4 inch
1-1/2 inch plus 1/4 inch
1inch plus 1/8 inch

3/ 4 inch plus 1/8 inch
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3.1.4 Splicing

Splices in steel bars shall be nmade only as required. Bars nay be spliced at
alternate or additional |ocations at no additional cost to the Governnent
subj ect to approval.

3.1.4.1 Lap Splices

Lap splices shall be used only for bars small than size 14 and wel ded wire
fabric. Lapped bars may be placed in contact and securely tied or spaced
transversely apart to permit the enbedment of the entire surface of each bar
in concrete. Lapped bars shall not be spaced farther apart than 1/5 the
required length of Iap or 6 inches.

3.2 (DELETED)

- End of Section -
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SECTI ON 03301

CAST- | N- PLACE STRUCTURAL CONCRETE
PART 1 GENERAL
1.1 RELATED WORK SPECI FI ED ELSEWHERE
1.1.1 Expansion, Contraction and Construction Joints in Concrete
SECTI ON: EXPANSI ON, CONTRACTI ON AND CONSTRUCTI ON JO NTS | N CONCRETE.
1.1.2 Steel Bars for Concrete Reinforcement
SECTI ON:  CONCRETE REI NFORCEMENT.
1.1.3 Formmrk for Concrete
SECTI ON: FORMAORK FOR CONCRETE.
1.2 REFERENCES

The publications listed below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation only.

AMERI CAN CONCRETE | NSTI TUTE (ACl)

AClI 211.1 (1991) Standard Practice for Selecting Proportions for
Nor mal , Heavywei ght and Mass Concrete

ACl 305R (1991) Hot Weat her Concreting

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM C 31 (1991) Making and Curing Concrete Test Specinens in the
Field
ASTM C 33 (1993) Concrete Aggregates
ASTM C 39 (1994) Conpressive Strength of Cylindrical Concrete
Speci nens
ASTM C 42 (1994) Obtaining and Testing Drilled Cores and Sawed Beans
in Concrete
ASTM C 70 (1979; R 1985) Surface Mdisture in Fine Aggregate
ASTM C 94 (1994) Ready- M xed Concrete
ASTM C 136 (1995a) Sieve Analysis of Fine and
Coar se Aggregates
ASTM C 143 (1990a) Slump of Hydraulic Cenent
Concrete
ASTM C 150 (1995) Portland Cenent
ASTM C 171 (1992) Sheet Materials for Curing Concrete
ASTM C 172 (1990) Sanpling Freshly M xed Concrete
ASTM C 192 (1990a) Maki ng and Curing Concrete Test Specimens in the

Laborat ory
SECTI ON 03301 PAGE 1
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ASTM C 231 (1991b) Air Content of Freshly M xed Concrete by the
Pressure Met hod

ASTM C 260 (1986) Air-Entraining Adm xtures for

Concrete

ASTM C 309 (1991) Liquid Menbrane Formi ng Conpounds for Curing
Concrete

ASTM C 494 (1992) Chemi cal Admi xtures for Concrete

ASTM C 566 (1989) Total Moisture Content of Aggregate by Drying

ASTM C 597 (1983; R 1991) Pulse Velocity Through Concrete

ASTM C 618 (1994a) Fly Ash and Raw or Cal ci ned Natural Pozzolan for
Use as a M neral Admixture in Portland Cenent Concrete

ASTM C 803 (1990) Penetration Resistance of Hardened Concrete

ASTM C 805 (1994) Rebound Number of Hardened Concrete

ASTM C 881 (1990) Epoxy- Resin Base Bondi ng Systenms for Concrete

ASTM C 1077 (1995a) Standard Practice for Laboratories Testing
Concrete and Concrete Aggregates for Use in Construction
and Criteria for Laboratory Eval uation

ASTM C 1107 (1991a) Packaged Dry, Hydraulic-Cenment G out (Nonshrink)

ASTM D 75 (1987; R 1992) Sanpling Aggregates

CORPS OF ENG NEERS ( COE)

COE CRD-C 94 (1995) Specifications for Surface Retarders

COE CRD-C 100 (1975) Method of Sanpling Concrete Aggregate and Aggregate
Sources and Sel ection of Material for Testing

COE CRD-C 104 (1980) Method of Cal cul ation of Fineness Mdul s of
Aggr egat e

COE CRD-C 112 (1969) Surface Moisture in Aggregate by Water Displacenent

COE CRD-C 143 (1962) Meters for Automatic |Indication of Misture in Fine
Aggr egat e

COE CRD-C 318 (1972) Cloth, Burlap, Jute (or Kenaf)

COE CRD-C 400 (1963) Requirenents for Water for Use in Mxing or Curing
Concrete

COE CRD-C 521 (1981) Standard Test Method for Frequency and Amplitude of
Vi brators for Concrete

COE CRD- C 621 (1989) Packaged Dry, Hydraulic-Cenent Grout (Nonshrink)

NATI ONAL READY- M XED CONCRETE ASSOCI ATI ON ( NRMCA)

NRMCA CPMB (1990) Concrete Plant Standards
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NATI ONAL BUREAU OF STANDARDS ( NBS) HANDBOOK
NI ST HB 44 (1994) NI ST Handbook 44: Specifications, Tol erances, and
Ot her Technical Requirements for Conmercial Wi ghing and
Measuring Devi ces
1.3 SUBM TTALS
Governnment approval is required for all submttals with a "GA" designation;
subnmittals having an "FI O' designation are for information only. The follow ng shall
be subnitted in accordance with Section 01300 SUBM TTAL PROCEDURES.
SD- 01 Data
Concrete M xture Proportioning; FIO

Concrete m xture proportions shall be deternm ned by the Contractor, in accordance
with the requirenments in paragraph CONCRETE M XTURE PROPORTI ONI NG, and subnitted

for review The concrete nmixture quantities of all ingredients per cubic neter and
nom nal maxi mum coar se aggregate size that will be used in the manufacture of each
quality of concrete shall be stated. Proportions shall indicate the mass of cenent

and pozzol an when used and water; the mass of aggregates in a saturated surfacedry
condition; and the quantities of adm xtures. The subm ssion shall be acconpani ed
by test reports froma | aboratory conmplying with ASTM C 1077 whi ch show t hat
proportions thus selected will produce concrete of the qualities indicated. No
substitution shall be nade in the source or type of materials used in the work

wi t hout additional tests to show that the quality of the new materials and concrete
are satisfactory.

Concrete M xers; FIO

The Contractor shall subnit concrete m xer data which includes the make, type, and
capacity of concrete mixers proposed for mxing concrete in conformance with the
par agraph M XERS.

Conveyi ng Equi prent and Met hods; FI O

The conveyi ng equi prent and net hods for transporting, handling, and depositing the
concrete shall be submitted for review by the Contracting O ficer for conformance
wi t h paragraphs CONVEYlI NG EQUI PMENT.

Pl aci ng Equi prent and Met hods; FI O

Al'l placing equi pnent and net hods shall be submitted for review by the Contracting
O ficer for conformance with paragraph PLACI NG

SD-08 Statenents
Testing Technicians; FIO  Concrete Construction Inspector; FIO

The Contractor shall subnit statements that the concrete testing technicians and the
concrete inspectors neet the requirenments of paragraph CONTRACTOR QUALI TY CONTROL.

Construction Joint Treatnent; GA.

The nmet hod and equi pnent proposed for joint cleanup and waste di sposal shall be
subnmitted for review and approval for conformance with paragraph CONSTRUCTI ON JO NT
TREATMENT.

Curing and Protection; GA

The curing nedi um and net hods to be used shall be subnmitted for review and approval

for conformance w th paragraph CURI NG AND PROTECTI ON.
SECTI ON 03301 PAGE 3
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Col d- Weat her Pl aci ng; GA.
If concrete is to be placed under col d weather conditions, the proposed materials,
nmet hods, and protection neeting the requirenments of paragraph COLPWEATHER PLACI NG
shall be subnmitted for approval.
Hot - Weat her Pl aci ng; GA.
If concrete is to be placed under hot-weat her conditions, the proposed materials and
met hods, neeting the requirements of paragraph HOFWEATHER PLACI NG and paragraph
FI Nl SHI NG, shall be subnitted for review and approval .

SD- 09 Reports
Uniformity of Concrete M xing; FIO

The results of the initial mxer uniformty tests as required in paragraph M XER
UNI FORM TY shall be subnitted at |least 5 days prior to the initiation of placing.

Tests and | nspections; FlIO

Test results and inspection reports shall be submitted daily and weekly as required
i n paragraph REPORTS.

SD- 13 Certificates
Cenentitious Materials; FIO

Cementitious Materials, including Cenent and Pozzolan, will be accepted on the basis
of the manufacturer's certification of conpliance, acconpanied by mll test reports
that materials nmeet the requirements of the specification under which they are
furnished. Certification and mll test reports shall be fromsanples taken fromthe
particular |ot furnished. No cementitious materials shall be used until notice of
acceptance has been given by the Contracting Officer. Cenentitious materials will
be subject to check testing from sanples obtained at the source, at transfer points,
or at the project site, as scheduled by the Contracting O ficer, and such sanpling
will be by or under the supervision of the Government at its expense. Material not
nmeeting specifications shall be pronptly renoved fromthe site of work.

O her Chemi cal Adm xtures; FIO.

Ot her Chem cal Admi xtures shall be certified for conpliance with all specification
requi renments.

Menbr ane- For mi ng Curing Conpound; FIO.

Menbr ane- Formi ng Curing Conpound shall be certified for conpliance with all
speci fication requirenents.

Epoxy Resin; FIO

Epoxy Resin shall be certified for conpliance with all specification requirenments.
Nonshrink Grout; FIO

Descriptive literature of the nonshrink grout proposed for use shall be furnished
together with a certificate fromthe manufacturer stating that it is suitable for
the application for which it is being considered.

1.4 QUALITY ASSURANCE

1.4.1 Aggregate Sources
SECTI ON 03301 PACE 4
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1.4.1.1 Concrete aggregates may be selected fromthe follow ng existing comrercial
sour ces:

a. Nevada Ready M X ....... ... .. . . ... Lone Mountain Pit

b. WWK Material ....... ... . .. . .. . .. Buf fal o Road Pit

c. Bonanza Materials ......... ... ... ... ... ... ... Hender son

d. Anmerican Sands and Gravel .................. Nellis AFB Vicinity
e. Lopke Granite ...... ... .. .. ... Hender son

1.4.1.2 At the option of the Contractor concrete aggregates nay be furnished from any
source designated by the Contractor and approved by the Contracting Oficer, subject
to the conditions hereinafter stated.

1.4.1.3 After the award of the contract, the Contractor shall designate in witing
only one source or one comnbi nation of sources from which he proposes to furnish
aggregates. |If the Contractor proposes to furnish aggregates froma source or from
sources not |isted above, he nmay designate only a single source or single conbination
of sources for aggregates. Sanples for acceptance testing shall be provided as
specified herein. |f a source for coarse or fine aggregate so designated by the
Contractor is not approved for use by the Contracting Oficer, the Contractor may not
subnmit for approval other sources but shall furnish the coarse or fine aggregate, as
the case may be, from an approved source |isted above at no additional cost to the
Government. Listing of a concrete aggregate source is not to be construed as approva
of all materials fromthe source. The right is reserved to reject materials from
certain localized areas, zones, strata, or channels, when such materials are
unsuitable for concrete aggregate as deternm ned by the Contracting Oficer. Materials
produced from an approved source shall meet all the requirements specified herein.

1.4.2 Preconstruction Sanpling and Testing
1.4.2.1 Aggregates

The aggregate sources |isted above have in the past been determ ned to be capabl e of
producing materials of a quality acceptable for this project. The Contractor shal
provi de sanpl es of aggregates from proposed sources listed and not listed in above.
Aggr egat e sanpl es shall consist of not |less than 1,000 pounds of each size coarse
aggregate and 1,000 pounds of fine aggregate, taken under the supervision of the
Contracting Oficer in accordance with COE CRD-C-100. Sanples shall be delivered to
a local materials testing | aboratory selected by the Governnent.

Sampl es shall be delivered to the lab within 15 days after Notice to Proceed. Al
sanpling and shi pment of sanples shall be at the Contractor's expense. A nmaxi num of

45 days after receipt of the sanples will be required to conpl ete eval uati on of
aggregates from sources |listed herein. A maxi mum of 60 days after receipt of the
sanples will be required to conplete evaluation of aggregates from sources not |isted
herein. Testing will be perforned by and at the expense of the Governnent in
accordance with the applicable COE CRD-C or ASTM test nethod. The cost of testing
one source for each size of aggregate will be borne by the Governnment. |If the

Contractor selects nore than one source for each aggregate size or selects a
substitute source for any size aggregate after the original source was tested, the

cost of that additional testing will be borne by the Contractor. |If the source
sel ected by the Contractor fails to supply materials that are at |east equivalent to
the sources listed as determ ned by the Government, the Contractor will be required

to propose a new source or elect a source listed above to supply aggregates. Tests

to which aggregate may be subjected are specific gravity, absorption, L.A abrasion,

al kal i -aggregate reaction, organic inmpurities, and any other test necessary to

demonstrate that the aggregate is of a quality that is at |east equivalent to those

sources listed herein. The Governnent reserves the right to reject materials found
SECTI ON 03301 PAGE 5
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to be unsuitabl e when produced from any source, even a source that is listed herein.
Testing of aggregates by the Government does not relieve the Contractor of the
requi rements outlined in paragraph CONTRACTOR QUALI TY CONTROL.

1.4.3 Cenentitious Materials, Adm xtures, and Curing Conpound

At | east 60 days in advance of concrete placement, the Contractor shall notify the
Contracting Officer of the source of cenentitious materials, adm xtures, and curing
compound, along with sanmpling |ocation, brand name, type, and quantity to be used in
t he manufacture of the concrete. |If cement or pozzolan is to be obtained from nore
t han one source, the initial notification shall state the estimted anbunt to be

obt ai ned from each source and the proposed schedul e of shipnments. No material shall
be used until notice has been given by the Contracting Officer that test results are
satisfactory, and all novenent of materials after sanmpling shall be as directed.

1.4.4 Chenical Adm xtures Storage

Chem cal adm xtures that have been in storage at the project site for |onger than 6
nont hs or that have been subjected to freezing shall be tested at the expense of the
Contractor when directed by the Contracting Officer and shall be rejected if test
results are not satisfactory. Chenical adm xtures will be accepted based on
compliance with the requirements of paragraph ADM XTURES.

1.4.5 Construction Testing by Gover nment

The Governnment will sanple and test aggregates and concrete to deterni ne conpliance
with the specifications. The Contractor shall provide facilities and | abor as nmay be
necessary for procurenment of representative test sanples. Sanmples of aggregates will
be obtained at the point of batching in accordance with ASTM D 75. Concrete will be
sanpl ed in accordance with ASTM C 172. Slunp and aircontent will be determined in
accordance with ASTM C 143 and ASTM C 231, respectively. Conpression test specinmens
will be made and | aboratory cured in accordance with ASTM C 31, and conpression test
speci nens tested in accordance with ASTM C 39.

1.5 EVALUATI ON AND ACCEPTANCE
1.5.1 Concrete Strength

The strength of the concrete will be considered satisfactory so | ong as the average
of all sets of three consecutive test results equals or exceeds the required

speci fied conpressive strength f'c and no individual test (average of two cylinders)
result falls below the specified conpressive strength f'. by nore than 500 pounds per
square inch. Additional analysis or testing may be required at the Contractor's
expense when the strength of the concrete in the structure is considered potentially
defi ci ent.

1.5.1.1 Investigation of LowStrength Test Results

When any strength test of standardcured test cylinders falls below the specified
strength requirement by nore than 500 pounds per square inch or if tests of
field-cured cylinders indicate deficiencies in protection and curing, steps shall be
taken to assure that the loadcarrying capacity of the structure is not jeopardized.
Nondestructive testing in accordance with ASTM C 597, C 803, or C 805 mmy be
permitted by the Contracting Officer to determine the relative strengths at various
| ocations in the structure as an aid in evaluating concrete strength in place or for
selecting areas to be cored. Such tests, unless properly calibrated and correl ated
with other test data, shall not be used as a basis for acceptance or rejection.

1.5.1.2 Testing of Cores

When the strength of concrete in place is considered potentially deficient, cores

shal |l be obtained and tested in accordance with ASTM C 42. At |east three

representative cores shall be taken from each nenber or area of concrete in place
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t hat

is considered potentially deficient.
by the Contracting O ficer to |east

concrete in the structure wll

air dried (tenperature 60 to 80 degrees F,
7 days before testing and shal
be more than superficially wet under service conditions,
noi sture conditioning in accordance with ASTM C 42
area represented by the core testing wll

for
will
tested after

strength of the cores is equal
requirement and if no single core is less than 75 percent of the specified strength

requirenent.

1.5.2 Construction Tol erances

Variation in alignnment,
al i gnnent, grade,

gr ade,

and di mensi ons shown on the draw ngs shal

WY9B0010

The | ocation of cores will be deternined
impair the strength of the structure. |If the

be dry under service conditions, the cores shall be
relative humidity less than 60 percent)
be tested dry. |If the concrete in the structure
the cores shall be
Concrete in the

be considered adequate if the average

85 percent of the specified strength

to at | east

and di nrensi ons of the structures fromthe established
be within the tol erances

specified in the foll owi ng table:

ALL STRUCTURES EXPOSED TO FLOW

(1) Departure from established
ali gnment or fromestablished grade ............ 1/2 inch
(2) Variation in thickness
at any point ... m nus 2-1/2 percent or
1/4 inch, whichever is
greater
...................... plus 5 percent or 1/2
i nch, whichever is
greater
(3) Variation frominside
di MeNSi ON. . ... .. 1/2 of 1 percent
(4) Departure from established alignment
on tangent ... ... ... .. 2 inches
ON CUMVE et e e e e e e e e 4 inches
(5) Departure from established
profile grade ....... ... . . . . . ... 1 inch
(6) Reduction in thickness in lining ............... 10 percent of
lining speci fied thickness:
provi ded that average
t hi ckness is maintained
as determ ned by daily
bat ch vol unmes
(7) Variation from specified
wi dth of section at any height ................. 1/4 of 1 percent plus 1
i nch
(8) Variations in surfaces
I NVert 1/8 inch in 3 feet
Side slopes ... ... . 1/8 inch in 3 feet
(9) Abrupt Variation
The of fset between concrete surfaces for the follow ng classes of
surface:
Class A 1/8 inch

SECTI ON 03301 PAGE 7



RED ROCK CHANNEL WY9B0010

Class B 1/4 inch
Class D 1 inch

(10) Gradual Variation

Surface finish tolerances as nmeasured by placing a free standi ng unl evel ed),
1.5 mstrai ghtedge for plane surface or curved tenplate for curved surface any
where on the surface and allowing it to rest upon two high spots within 72 hr
after concrete placenent. The gap at any point between the straight edge or
tenpl ate and the surface shall not exceed:

Class A 1/8 inch
Class B 1/4 inch
Class D 1 inch

(11) Footings:

a. Variation of dinmensions in plan
Mnus.................. ? inch
Plus....... ... ... ... ... 2 inches when forned
or plus 3 inches when
pl aced agai nst unfornmed
excavati on.

b. M splacenent of eccentricity ....................... 2 percent of the
footing width in the
direction of
m spl acenent but not
nore than 2 inches

c. Reduction in thickness Mnus.................. 5 percent of specified
t hi ckness

1.5.3 Appearance

Per manent |y exposed surfaces shall be cleaned, if stained or otherw se discol ored, by
a method that does not harmthe concrete and that is approved by the Contracting
Oficer.

PART 2 PRODUCTS

2.1 MATERI ALS

2.1.1 Cenentitious Materials

Cementitious materials shall be Portland cenent or Portland cenent in conbination
wi th pozzolan and shall conformto appropriate specifications listed bel ow

2.1.1.1 Portland Cenent
ASTM C 150, Type V, high sulfate resistant cenent.
2.1.1.2 Pozzol an

Pozzol an shall conformto ASTM C 618, Class F, with loss on ignition linted to
6 percent.

2.1.2 Aggregates

Aggr egat es shall be produced fromthe sources listed and under the conditions

described in paragraph: Quality Assurance, subparagraph Aggregate Sources. Fine and

coarse aggregates shall conformto the grading requirements of ASTM C 33. The

nom nal maxi mum si ze shall be as listed in paragraph: Nominal Maxi num Size Coarse
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Aggregate. The proposed gradations to be used shall be subnitted to the Contracting
O ficer for approval.

2.1.3 Adm xtures

Adm xtures to be used, when required or permitted, shall conformto the appropriate
specification |listed bel ow

2.1.3.1 Air-Entraining Adm xture

ASTM C 260. The air-entraining adni xture shall consistently cause the concrete to
have an air content in the specified ranges under field conditions.

2.1.3.2 Water-Reducing or Retardi ng Adm xtures

ASTM C 494, Type A, B, or D.

2.1.4 Curing Materials

2.1.4.1 |npervious-Sheet Mterials

ASTM C 171, type optional, except polyethylene film if used, shall be white opaque.
2.1.4.2 Menbrane-Form ng Curing Conpound

ASTM C 309, Type 2.

2.1.5 Epoxy Resin

Al'l epoxy resin materials shall be two conponent materials confornming to the
requi rement of ASTM C 881, Class C

2.1.5.1 The materials for bonding freshly m xed Portland cenent concrete or nortar
or freshly m xed epoxy resin concrete to hardened concrete shall be Type 11
materials, G ade 2.

2.1.5.2 The epoxy resin materials use as patching materials for complete filling of
spalls, wi de cracks, and other voids; for enmbeddi ng dowels and anchor bolts with
concrete shall be Type IIl materials, Gade 3.

2.1.6 Water

Water for mxing and curing shall be fresh, clean, drinkable, and free of injurious
ampunts of oil, acid, salt, or alkali, except that undrinkable water may be used if
it meets the requirements of COE CRBC 400.

2.1.7 Nonshrink Grout

Nonshrink grout shall conformto ASTM C 1107 and shall be comrercial formulation
suitable for the application proposed.

2.2 CONCRETE M XTURE PROPORTI ONI NG
2.2.1 Quality and Location

For each portion of the structure, mxture proportions shall be selected so that the
followi ng strength and water-cement ratio requirements are net.

2.2.1.1 Strength
Speci fi ed conpressive strength f'c shall be as foll ows:

Conpr essive Strength Structure or Portion of Structure
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3,000 @ 28 days Cast-In-Place Structures not otherw se specified
4,000 @28 days?1 Cast-1n-Pl ace Box Cul verts and side drain outl et
structures.

2.2.1.2 Maxi mum Water-Cenent Rati o
Maxi mum wat er-cenment ratio shall be 0.45 for all concrete structures.
2.2.2 Nomi nal Maxi mum Si ze Coarse Aggregate

Nomi nal maxi num si ze coarse aggregate shall be 121/2 inches except 3/4inch nom na
maxi mum si ze coarse aggregate shall be used when ay of the follow ng conditions
exist: the narrowest dinmension between sides of forns is |less than 71/2 inches, the
depth of the slab is less than 41/2 inches, or the mninmum clear spacing between
reinforcing is |l ess than 2 inches.

2.2.3 Air Content
Air content as determined by ASTM C 231 shall be between 4 and 6 percent.
2.2.4 Slunp

The slunp shall be deternmined in accordance with ASTM C 143 and shall be within the
range of 1 to 3 inches. \Were placement by punp is approved, the slunp shall not
exceed 5 inches.

2.2.5 Concrete Proportioning

Trial design batches and testing requirements for various qualities of concrete
specified shall be the responsibility of the Contractor. Sanplesof approved
aggregates shall be obtained in accordance with the requirenments of ASTM D 75.
Sampl es of materials other than aggregate shall be representative of those proposed
for the project and shall be acconpani ed by the manufacturer's test reports

i ndi cating conmpliance with applicable specified requirements. Trial m xtures having
proportions, consistencies, and air content suitable for the work shall be made based
on net hodol ogy described in AClI 211.1, using at least three different watercenment

ratios, which will produce a range of strength enconpassing those required for the
wor k. The water-cenment ratios required in paragraph: Maxi mum Water-Cenment Rati o,
will be converted to a weight ratio of water to cement plus pozzol an by wei ght

equi val ency as described in ACl 211.1. Trial mixtures shall be designed for nmaxi num
permitted slunmp and air content. The tenperature of concrete in each trial batch
shall be reported. For each maxi mum aggregate size sel ected at each watercement
ratio, at least three test cylinders for each test age shall be made and cured in
accordance with ASTMC 192. They shall be tested at 7 and 28 days in accordance with
ASTM C 39. Fromthese test results, a curve will be plotted showing the relationship
bet ween water-cenment ratio and strength.

2.2.6 Average Strength

In meeting the water-cenent ratio and strength requirenments specified in paragraph
Strength above, the selected m xture proportion shall produce an average conpressive
strength (f¢) exceeding the specified conpressive strength f'c by the anmount

i ndicated below with a water-cement ratio at or bel ow that specified above. Were a
concrete production facility has test records, a standard deviation shall be
establ i shed. Test records from which a standard deviation is cal cul ated shal
represent materials, quality control procedures, and conditions simlar to those
expected, shall represent concrete produced to nmeet a specified strength or strengths
(f'c) within 1,000 pounds per square inch of that specified for proposed work, and
shall consist of at |east 30 consecutive tests. A strength test shall be the average
of the strengths of two cylinders made fromthe sane sanple of concrete and tested at
28 days or at another test age designated for determ nation of f¢.
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2.2.6.1 Required Average Conpressive Strength

Requi red average conpressive strength f, used as the basis for selection of concrete
proportions shall be the larger of the equations that foll ow using the standard
devi ati on as deterni ned above:

fCI’

f'c + 1.34S where S = standard devi ati on
fCI’ '

f'c + 2.33S - 500

2.2.6.2 Modification Factor for Standard Devi ati on

Where a concrete production facility does not have test records neeting the
requi rements above but does have a record based on 15 to 29 consecutive tests, a
standard devi ati on may be established as the product of the cal cul ated standard
devi ation and a nodification factor fromthe follow ng table:

Modi fi cati on Fact or

No. of Tests* for Standard Devi ation
| ess than 15 Use paragraph 2.2.6.3 hereinafter
15 1.16
20 1.08
25 1.03
30 or nore 1.00

* Interpolate for internedi ate nunbers of tests.
2.2.6.3 Determning Required Average Strength

When a concrete production facility does not have field strength test records for
cal cul ati on of the standard deviation, the required average strength § shall be
determ ned as foll ows:

If the specified conpressive strength f'c is 3,000 to 5,000 psi, f, =f'¢ + 1,200.
2.3 PRODUCTI ON EQUI PMENT
2.3.1 Batching Plant

Bat chi ng plant shall conformto the requirenments of the CRD-C-95. Concrete Pl ant
St andar ds of CPMB and as specified; however, rating plates attached to batch plant
equi pmrent are not required.

2.3.1.1 Equi prent

The batching controls shall be semiautomatic or automatic. The seniautomatic batching
system shall be provided with interl ocks such that the di scharge device cannot be
actuated until the indicated material is within the applicable tolerance. The
bat chi ng system shall be equi pped with an accurate recorder or recorders that neet the
requi rement of the Concrete Plant Standards of CPMB. Separate bins or conpartnents
shall be provided for each size group of aggregate cenent and pozzol an. Aggregates
shall be weighed either in separate weigh batchers with individual scales or
cumul atively in one weigh batcher on one scale. Aggregate shall not be weighed in the
same batcher with cenent and pozzolan. |f both cenment and pozzol an are used, they may
be batched cumul atively provided that the Portland cement is batched first. |If
measured by wei ght, water shall not be weighed cumulatively with another ingredient.
Water batcher filling and di scharging val ves shall be so interlocked that the
di scharge val ve cannot be opened before the filling valve is fully closed. An
accurate mechani cal device for nmeasuring and di spensi ng each admi xture shall be
provi ded. Each dispenser shall be interlocked with the batching and di schargi ng
operation of the water so that each admixture is separately batched and di scharged
automatically in a manner to obtain uniformdistribution throughout the batch in the
specified mixing period. Adnixtures shall not be combined prior to introduction of
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water or sand. The plant shall be arranged so as to facilitate the inspection of al
operations at all tines. Suitable facilities shall be provided for obtaining
representative sanpl es of aggregates from each bin or conpartnent.

2.3.1.2 Scal es

The wei ghi ng equi prent shall conformto the applicable requirements of NBS Handbook
44, except that the accuracy shall be plus or mnus 0.2 percent of scale capacity.

The Contractor shall provide standard test weights and any other auxiliary equi pnent
required for checking the operating performance of each scal e or other neasuring
devices. The tests shall be made at the frequency required in paragraph: Scales, and
in the presence of a Governnent inspector.

2.3.1.3 Batching Tol erances
2.3.1.3.1 Wighing Tol erances

VWi chever of the follow ng tolerances is greater shall apply, based on required scale
r eadi ng.

Percent of Required Percent of Scal e
Mat eri al Wei ght Capacity
Cementitious materials +1 +0.3
Aggr egat e +2 +0. 3
Wat er +1 +0. 3
Admi xture +3 +0.3

2.3.1.3.2 Volunetric Tol erances

For volunetric batching equipnent, the follow ng tolerances shall apply to the
required volume of material being batched:

Wat er : Plus or m nus 1 percent
Adm xtures: Plus or mnus 3 percent

2.3.1.4 Moisture Control

The plant shall be capable of ready adjustment to conpensate for the varying noisture
content of the aggregates and to change the weights of the material s being batched.
An electric nmoisture neter conplying with the provisions of COE CRPC 143 shall be
provided for measuring noisture in the fine aggregate. The sensing el enent shall be
arranged so that the measurement is nmade near the batcher charging gate of the sand
bin or in the sand batcher.

2.3.2 Mxers
2.3.2.1 Genera

The mi xers shall not be charged in excess of the capacity recomrended by the

manuf acturer. The m xers shall be operated at the drum or m xi ng bl ade speed

desi gnated by the manufacturer. The nixers shall be maintained in satisfactory
operating condition, and the m xer drunms shall be kept free of hardened concrete.
Shoul d any m xer at any time produce unsatisfactory results, its use shall be pronptly
di scontinued until it is repaired.

2.3.2.2 Concrete Plant M xers

Concrete plant mxers shall be tilting, nontilting, horizontalshaft, vertical-shaft
type, or pug mll type and shall be provided with an acceptable device to |ock the
di scharge nechanismuntil the required nmixing time has elapsed. The mxing tinme and
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uniformty shall conformto all the paragraphs in ASTM C 94 applicable to
central-m xed concrete

2.3.2.3 Truck M xers

Truck m xers, the m xing of concrete therein, and concrete uniformty shall conform
to the requirements of ASTM C 94. A truck nixer may be used either for conplete

m xing (transit-mxed) or to finish the partial mxing done in a stationary m xer
(shrink-m xed). Each truck shall be equipped with two counters fromwhich it will be
possible to determ ne the nunmber of revolutions at mixing speed and the number of
revol utions at agitating speed.

2.4 CONVEYI NG EQUI PMVENT
2.4.1 Cenera

Concrete shall be conveyed fromm xer to forms as rapidly as practicable and within
the time interval in paragraph: Time Interval Between M xing and Pl aci ng by nmet hods
that will prevent segregation or |oss of ingredients. Any concrete transferred from
one conveying device to another shall be passed through a hopper that is conical

i n shape and shall not be dropped vertically more than 5 feet, except where suitable
equi pment is provided to prevent segregation and where specifically authorized.

Tel ephoni c or other satisfactory means of rapid comuni cati on between the nixing

pl ant and the fornms in which concrete is being placed shall be provided and avail abl e
for use by Government |nspectors

2.4.2 Buckets

The interior hopper slope shall be not |ess than 58 degrees fromthe horizontal, the
m ni rum di nensi on of the clear gate opening shall be at least 5 tinmes the noni nal
maxi mum si ze aggregate, and the area of the gate opening shall not be |ess than

2 square feet. The maxi mum di mensi on of the gate opening shall not be greater than
twi ce the mini mum di nensi on. The bucket gates shall be essentially grout tight when
cl osed and may be manual |y, pneumatically, or hydraulically operated except that
buckets |l arger than 2 cubic yards shall not be manually operated. The design of the
bucket shall provide neans for positive regulation of the anmount and rate of deposit
of concrete in each dunping position.

2.4.3 Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to other conveying
devices. Transfer hoppers shall be capable of receiving concrete directly from
delivery vehicles and have coni cal-shaped di scharge features. The machine shall be
equi pped with a hydraulically operated gate and with a means of external vibration to
ef fect conplete and facile discharge. Concrete shall not be held in nonagitating
transfer hoppers more than 30 m nutes.

2.4.4 Trucks

Truck mi xers operating at agitating speed or truck agitators used for transporting
pl ant-m xed concrete shall conformto the requirenents of ASTM C 94. Nonagitating
equi pment may be used for transporting plant-m xed concrete over a smooth road when
the hauling time is less than 15 minutes. Bodies of nonagitating equi pment shall be
snooth, watertight, nmetal containers specifically designed to transport concrete,
shaped with rounded corners to minimnmze segregation, and equi pped with gates that
will permt positive control of the discharge of the concrete.

2.4.5 Chutes

When concrete can be placed directly froma truck m xer, agitator, or nonagitating
equi pment, the chutes attached to this equi pment may be used. A discharge deflector
shall be used when required by the Contracting Officer. Separate chutes and ot her
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simlar equipnent will not be permitted for conveying concrete except when
specifically approved.

2.4.6 Belt Conveyors

Belt conveyors may be used when approved. Such conveyors shall be designed and
operated to assure a uniformflow of concrete fromm xer to final place of deposit

wi t hout segregation of ingredients or loss of nortar and shall be provided with
positive nmeans for preventing segregation of the concrete at the transfer points and
the point of placing. Belt conveyors shall be constructed such that the idler
spaci ng shall not exceed 36 inches. |f concrete is to be placed through installed
horizontal or sloping reinforcing bars, the conveyor shall discharge concrete into a
pi pe or elephant trunk that is |ong enough to extend through the reinforcing bars.
In no case shall concrete be discharged to free fall through the reinforcing bars.

2.4.7 Punp Pl acenent

Concrete may be conveyed by positive displacenent punp when approved. The punping
equi pmrent shal |l be piston or squeeze pressure type. The pipeline shall be rigid
steel pipe or heavy-duty flexi ble hose. The inside diameter of the pipe shall be at

| east 3 times the nomi nal nmaxi mumsize coarse aggregate in the concrete mixture to be
punped but not | ess than 4 inches. The maxi numsi ze coarse aggregate shall not be
reduced to accommodate the punps. The distance to be punped shall not exceed linits
reconmended by the punp manufacturer. The concrete shall be supplied to the concrete
punp continuously. \When punping is conpleted, concrete remaining in the pipeline
shall be ejected without contam nation of concrete in place. After each operation
equi pmrent shal |l be thoroughly cl eaned, and flushing water shall be wasted outside of
t he forns.

PART 3 EXECUTI ON
3.1 PREPARATI ON FOR PLACI NG
3.1.1 Enbedded Itens

Bef ore pl acenent of concrete, care shall be taken to determ ne that all enbedded
items are firmy and securely fastened in place as indicated on the draw ngs, or

requi red. Enbedded itens shall be free of oil and other foreign matter such as | oose
coatings or rust, paint, and scale. The enbedding of wood in concrete will be
permtted only when specifically authorized or directed. Voids in sleeves, inserts,
and anchor slots shall be filled tenporarily with readily renpvable materials to
prevent the entry of concrete into voids.

3.1.2 Concrete on Earth Foundati ons

Earth surfaces upon which concrete is to be placed shall be clean, danp, and free
fromstanding or running water. Prior to placenent of concrete, the earth

foundation shall have been satisfactorily conpacted in accordance with the provisions
of SECTION: FILLS AND SUBGRADE PREPARATI ON. Additionally, the foundation shall be

i nspected by the Contractor prior to concrete placement in order to certify that it
is ready to receive concrete. The results of each inspection shall be submitted in
writing.

3.1.3 Construction Joint Treatnent
3.1.3.1 Genera

Concrete surfaces to which other concrete is to be bonded shall be prepared for
receiving the next lift or adjacent concrete by cleaning with either aifwater
cutting, sandblasting, highpressure water jet, or other approved nethod. The entire
surface of the existing concrete shall be cleaned to a depth of not less than 1/4
inch and to such additional depth where necessary to expose a sound unweat hered
concrete surface that is not contam nated by oils or other foreign matter.
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3.1.3.2 deaning
3.1.3.2.1 Air-Water Cutting

Air-water cutting of a construction joint shall be grfornmed at the proper time and
only on horizontal construction joints. The surface shall be cut with an aifwater
jet to remobve all laitance and to expose clean, sound, fine aggregate, but not so as
to undercut the edges of the larger particles of aggregate. The air pressure used in
the jet shall be 100 pounds per square inch plus or minus 10pounds per square inch,
and the water pressure shall be just sufficient to bring thewater into effective

i nfluence of the air pressure. After cutting, the surface shall be washed and rinsed
as long as there is any trace of cloudiness of the wash water. The surface shal
again be washed just prior to placing the succeeding lift. Were necessary to renove
accumul ated | ai tance, coatings, stains, debris, and other foreign material,

sandbl asting will be required as the | ast operation before placing the next lift.

3.1.3.2.2 High-Pressure Water Jet

A stream of water under a pressure of not |ess than 3,000 pounds per square inch may
be used for cleaning. Its use shall be delayed until the concrete is sufficiently
hard so that only the surface skin or nortar is renoved and there is no undercutting
of coarse-aggregate particles. \Were the cleaning occurs nmore than 2 days prior to
placing the next Iift or where work in the area subsequent to the cleaning causes
dirt or debris to be deposited on the surface, the surface shall be cl eaned again as
the |l ast operation prior to placing the next Iift. |f the water jet isincapable of
a satisfactory cleaning, the surface shall be cleaned by sandbl asting.

3.1.3.2.3 Sandbl asting

VWhen enpl oyed in the preparation of construction joints, sandblasting shall be
perfornmed as the final operation conpleted before placing the following lift. The
operation shall be continued until all accunul ated |aitance, coatings, stains,
debris, and other foreign materials are rempbved. The surface of the concrete shal

t hen be washed thoroughly to remove all |oose materials. The surface shall again be
washed just prior to placing the succeeding lift.

3.1.3.2.4 \Waste Disposa

The nmethod used in disposing of waste water enployed in cutting, washing, and rinsing
of concrete surfaces shall be such that the waste water does not stain, discolor, or
af fect exposed surfaces of the structures, or damage the environnent of the project
area. The method of disposal shall be subject to approval

3.1.3.2.5 Surface Condition

The surface of the lift shall be danmp at the tine of placement of the next lift and
shall be free of standing water.

3.1.4 Renpval of Existing Concrete
3.1.4.1 Sawcutting and Renoval of Concrete

Concrete shall be sawcut to the true line and to the depth shown on the draw ngs
where new concrete is to be tied into and placed with existing concrete. Existing
concrete adjacent to the sawcut join line shall be renmoved be neans of nechanica
rotary abraders, chipping hammers, or by other nmethods as approved to expose a sound,
unweat hered concrete surface. The Contractor shall take all necessary precautions
and shall use such nmethods of pavenent breaking and renoval as to prevent cracking,
spal ling, or other damage to the concrete to remnin in place. Any concrete beyond
the join line that is cracked, spalled, or otherw se danaged shall be renpved and
repl aced without additional cost to the Governnment. Existing reinforcing steel shal
be left in its original position or cut and renoved where desi gnat ed.
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3.1.4.2 Sandbl asting
3.1.4.2.1 Cenera

Sandbl asting shall be limted to only areas which new concrete is to be placed during
the same 24-hour period. Any prepared surface not overlaid within this tine period,
shall be conpletely sandblasted just prior to placenent of concrete. The Contractor
shall remove all unsound concrete, surface debris, and residue resulting from

sandbl asting prior to concrete placenent.

3.1.4.2.2 Sandbl asting Equi pment

Sandbl asti ng equi pnent shall include an air conpressor, hose, and venturi-type

nozzl es of sufficient capacity to furnish air at a rate of not less than 150 cfm and
to maintain a line pressure of not |less than 90 psi at the nozzle while in use. The
compressor shall be equipped with traps that maintain the conpressed air free of oil

3.2 PLACI NG
3.2.1 GCenera

Concrete placenent will not be permitted when, in the opinion of the Contracting

O ficer, weather conditions prevent proper placement and consolidation. Concrete
shall be deposited as close as possible to its final position in the forns and, in so
depositing, there shall be no vertical drop greater than 5 feet except where suitable
equi pment is provided to prevent segregation and where specifically authorized.
Depositing of the concrete shall be so regulated that it may be effectively

consol idated in horizontal layers 21/2 feet or less in thickness with a m ni nrum of

| ateral novenent. The anount deposited in each |ocation shall be that which can be
readily and thoroughly consolidated. The surfaces of construction joints shall be
kept continuously wet for the first 12 hours during the 24hour period prior to

pl aci ng concrete. Free water shall be removed prior to placement of concrete
Sufficient placing capacity shall be provided so that concrete placenent can be kept
plastic and free of cold joints while concrete is being placed.

3.2.2 Time Interval Between M xing and Pl aci ng

Concrete shall be placed within 30 m nutes after discharge into non-agitating

equi pment. \When concrete is truck nmixed or when a truck mxer or agitator is used
for transporting concrete m xed by a concrete plant nixer, the concrete shall be
delivered to the site of the work, and di scharge shall be conpleted within 41/2

hours after introduction of the cement to the aggregates. Wen the length of hau
makes it inpossible to deliver truckmnm xed concrete within these time linits,

bat chi ng of cenment and a portion of the m xing water shall be delayed until the truck
m xer is at or near the construction site.

3.2.3 Col d-Weat her Pl aci ng

Concrete shall not be placed without a procedure approved in accordance with

par agraph: Col d- Weat her Requi rements when the concrete is likely to be subjected to
freezing tenperatures before the expiration of the curing period. The anbient
tenperature of the space adjacent to the concrete placenent and surfaces to receive
concrete shall be above 32 degrees F. The placing tenperature of the concrete having
a mni mum di nension | ess than 12 inches shall be between 55 and 75 degrees F. The

pl aci ng tenperature of the concrete having a m ni mum di mensi on greater than 12 inches
shall be between 50 and 70 degrees F. Heating of the mixing water or aggregates will
be required to regulate the concreteplacing tenperatures. Materials entering the

m xer shall be free fromice, snow, or frozen lunps. Salt, chemicals, or other
materials shall not be nixed with the concrete to prevent freezing, except that an
approved chenical accel erator may be used.

3.2.4 Hot-Wather Placing
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Concrete shall be properly placed and finished with approved subm ttal procedures in
accordance with paragraph: Hot-Wather Requirements. The concreteplacing
tenperature shall not exceed 90 degrees F. Cooling of the m xing water and/or
aggregates will be required to obtain an adequate placing tenperature. An approved
retarder may be used to facilitate placing and finishing. Steel forms and

rei nforcement shall be cooled prior to concrete placement when steel tenperatures are
greater than 120 degrees F. Conveying and placing equi pnent shall be cooled if
necessary to mmintain proper concreteplacing tenperature

3.2.5 Consolidation

| medi ately after placing, each | ayer of concrete shall be consolidated by interna
vi brating equipnment. Vibrators will not be used to transport concrete within the
fornms. Hand spading may be required if necessary with internal vibrating along
fornmed surfaces permanently exposed to view. Formor surface vibrators shall not be
used. Spare vibrators shall be kept on site during all concrete placenent
operations. Consolidation will proceed i ndependently of all other placing
operations. Vibrators for consolidation will not be attached to Bidwell Type or any
ot her screeding or |leveling equipnent selected by the Contractor.

Head Di aneter Frequency Ampl i tude

Application i nches VPM i nches
Thin walls, beans, etc. 1-1/4 - 2-1/2 9, 000 - 13,500 0.02 - 0.04
General construction 2 - 3-1/2 8,000 - 12,000 0.025 - 0.05

The frequency and anplitude shall be within the range indicated in the table above as
determ ned in accordance with paragraph: Vibrators. The vibrator shall be inserted
vertically at uniform spacing over the entire area of placement. The distance

bet ween insertions shall be approximately 31/2 tines the radius of action of the
vibrator. The vibrator shall penetrate rapidly to the bottom of the |ayer and at

| east 6 inches into the preceding layer if such exists. It shall be held stationary
until the concrete is consolidated and then withdrawm slowy.

3.3 FI N SH NG
3.3.1 Unforned Surfaces
3.3.1.1 Genera

The anbi ent tenperature of spaces adjacent to surfaces being finished shall be not

| ess than 50 degrees F. In hot weather when the rate of evaporation of surface

noi sture, as determ ned by use of Figure 2.1.5 of ACI 305R, may reasonably be
expected to exceed 0.2 pound per square foot per hour, provisions for w ndbreaks,
shadi ng, fog spraying, or wet covering with a lightcolored material shall be nade in
advance of placenent, and such protective nmeasures shall be taken as quickly as

finishing operations will allow Al unformed surfaces that are not to be covered by
addi ti onal concrete or backfill shall have a float finish, unless a trowel finish is
specified, and shall be true to the el evation shown on the drawings. Surfaces to
receive additional concrete or backfill shall be brought to the el evati on shown on

the drawings and left true and regular. Exterior surfaces shall be sloped for
dr ai nage unl ess ot herwi se shown on the drawing or as directed. Joints shall be
carefully made with a jointing or edging tool. The finished surfaces shall be
protected from stains or abrasions.

3.3.1.2 Float Finish

A float finish shall be applied to the top of buried reinforced structures. Surfaces

shall be screeded and darbied or bullfloated to bring thesurface to the required

finish level with no coarse aggregate visible. No water, cenment, or nmortar shall be

added to the surface during the finishing operation. The concrete, while still green

but sufficiently hardened to bear a man's wei ght w thout deepinprint, shall be
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floated to a true and even plane. Floating may be perforned by use of suitable hand
floats or power-driven equi prent. Hand floats shall be made of magnesi um or

alum num Tol erance for a floated finish shall be true plane within 5/16inch in 10
feet as determ ned by a 10 foot strai ghtedge placed anywhere on the slabin any

di rection.

3.3.1.3 Trowel Finish

A trowel finish shall be applied to the followi ng surfaces: top of channel walls,
street gutters, and as indicated on the drawings. Concrete surfaces shall be
finished with a float finish, and after surface noisture has di sappeared, the surface
shall be troweled to a snooth, even, dense finish free from bl em shes i ncl uding
trowel marks. Tol erance shall be true planes within 5/16 inch in 10 feet as

determ ned by a 10-foot strai ghtedge placed anywhere on the slab in any direction.

3.3.1.4 Broom Fi ni sh

A broom finish shall be applied to the followi ng surfaces: concrete channel inverts
and channel side slopes. The concrete shall be screeded and floated to required
finish plane with no coarse aggregate visible. After surface mpisture disappears,
but before curing is applied, the surface shall be broomed or brushed with a fine
hair-broomor fiber bristle brush in a direction transverse to that of the main
traffic or as directed.

3.3.2 Fornmed Surfaces

After formrenoval, all fins and | oose materials shall be renmoved. All voids and
honeyconbs exceeding 1/2 inch in diameter and all tierod holes permanently exposed
to view shall be reanmed or chipped and filled with drypack nortar. Defective areas
| arger than 36 square inches in any surface, permanently exposed or not, shall be
delineated in a rectangul ar shape by a saw cut a m ni rum depth of one inch.

All defective concrete in the delineated area shall be renoved and replaced with
carefully placed and conpacted concrete. The cement used in the nortar or concrete
for all surfaces permanently exposed to view shall be a blend of Portland cenent and
white cement properly proportioned so that the final color when cured will be the
same as adj acent concrete. Tenperature of the concrete, ambient air, replacenent
concrete, or nortar during renmedial work including curing shall be above 50 degrees
F. The prepared area shall be danpened, brushcoated with a neat cement grout or
with an approved epoxy resin, and filled with nortar or concrete. The nortar shal
consist of 1 part cenent to 21/2 parts fine aggregate. The quantity of mixng water
shall be the m nimum necessary to obtain a uniformmnm xture and to permt placing.

Mortar shall be thoroughly conpacted in place and struck off to adjacent concrete.
Repl acenment concrete shall be drier than the usual mixture and thoroughly tanmped into
pl ace and finished. Forns shall be used if required. Metal tools shall not be used
to finish permanently exposed surfaces. The patched areas shall be cured for 7 days.

3.4 CURI NG AND PROTECTI ON
3.4.1 Cenera

Al'l concrete shall be cured by an approved nethod for a period of 7days.

| medi ately after placenent, concrete shall be protected from premature drying,
extremes in tenperatures, rapid tenperature change, and nechanical injury. Al

mat eri al s and equi pnent needed for adequate curing and protection shall be avail able
and at the placenent site prior to the start of concrete placenent. Concrete shal
be protected fromthe damagi ng effects of rain for 12 hours and from fl owi ng water
for 14 days. Concrete shall be shielded fromdirect rays of the sun for 3days. No
fire or excessive heat shall be permitted near or in direct contact with concrete at
any tine.

3.4.2 Moist Curing
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Concrete nmoi st-cured shall be maintained continuously (not periodically) wet for the
entire curing period. |If water or curing materials stain or discolor concrete
surfaces that are to be permanently exposed, they shall be cleaned as required in

par agraph: Appearance. Were wooden form sheathing is left in place during curing,

t he sheathing shall be kept wet at all times. Horizontal surfaces may be npist cured
by pondi ng, by covering with a m nimum uni form thickness of 2 inches of continuously
saturated sand, or by covering with saturated nonstaining burlap or cotton mats.
Horizontal construction joints may be allowed to dry for 12 hours inmediately prior
to the placing of the following lift.

3.4.3 Menbrane Curing

Concrete may be cured with an approved curing conpound in |lieu of moist curing except
that nenbrane curing will not be permitted on any surface to which other concrete is
to be bonded or on any surface containing protruding steel reinforcenent. Al
surfaces shall be cured with pignented-type curing conpound conforning to paragraph
CURI NG MATERI ALS subpar agraph Menmbrane- Formi ng Curi ng Conpound.

3.4.3.1 DELETED
3.4.3.2 Application

The curing conpound shall be applied to forned surfaces i mediately after the forns
are renoved and prior to any patching or other surface treatnent except the cleaning
of | oose sand, nortar, and debris fromthe surface. The surfaces shall be thoroughly
noi stened with water, and the curing conmpound applied as soon as free water

di sappears. The curing conpound shall be applied to unforned surfaces as soon as

free water has di sappeared. The curing conmpound shall be applied in a twocoat

conti nuous operation by approved notorized powersprayi ng equi pment operating at a

m ni num pressure of 75 pounds per square inch, at a uniform coverage of not nore than

400 square feet per gallon for each coat, and the second coat shall be applied
perpendicular to the first coat. When adverse breeze conditions occur, Contractor

shal |l take the necessary precautions to prevent the curing conpound from beconi ng

ai rborne. These precautions shall include, but not Iinmted to, |owering the spray
nozzle to approximately 2 feet away fromthe concrete surface and erecting w nd
breaks. The method used shall be submitted to the Contracting O ficer for approval.
Concrete surfaces that have been subjected to rainfall within 3 hours after curing
compound has been applied shall be resprayed by the nethod and at the coverage herein

specified. All concrete surfaces on which the curing compound has been applied shal
be adequately protected for the duration of the entire curing period from pedestrian
and vehicular traffic and fromany other cause that will disrupt the continuity of

t he curing nenbrane.

3.4.4 | npervious-Sheet Curing

The concrete invert surfaces nmay be cured by an approved inpervious sheet. All
surfaces shall be thoroughly wetted and be conpletely covered wi th waterproof paper,
pol yet hyl ene film or polyethyl enecoated burlap having the burlap thoroughly

wat er- sat urat ed before placing. Covering shall be laid with |ightcol ored side up.
Covering shall be | apped not I ess than 12 inches and securely wei ghted down or shal
be | apped not |less than 4 inches and taped to forma continuous cover with conpletely
closed joints. The sheet shall be weighted to prevent displacenment so that it
remains in contact with the concrete during the specified |l ength of curing.
Coverings shall be folded down over exposed edges of slabs and secured by approved
means. Sheets shall be inmediately repaired or replaced if tears or hol es appear
during the curing period.

3.4.5 Cold Weat her

When the daily outdoor |ow tenperature is |ess than 32degrees F, the tenperature of

the concrete shall be maintained above 40 degrees F for the first 7days after

placing. In addition, during the period of protection renmoval, the air tenperature

adj acent to the concrete surfaces shall be controlled so that concrete near the
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surface will not be subjected to a tenperature differential of nmore than 25 degreesF
as determ ned by observation of anbient and concrete tenperatures indicated by
suitable thernoneters installed adjacent to the concrete surface and 2 inches inside
the surface of the concrete. The installation of the thermometers shall be nade by
the Contractor at such locations as may be directed. Curing conpounds shall not be
used on concrete surfaces that are maintained at curing tenperature by use of free
st eam

3.4.6 Nonshrink G out Application

Nonshrink grout shall conformto the requirenents of paragraph NONSHRI NK GROUT.

Water content shall be the minimumthat will provide a flowable mxture and fill the
space to be grouted without segregation, bleeding, or reduction of strength. M xing
and pl acing shall be in conformance with the material manufacturer's instructions and
as specified. Gout shall not be retenpered or subjected to vibration from any

sour ce.

3.5 CONTRACTOR QUALI TY CONTROL
3.5.1 GCenera

The Contractor shall performthe inspection and tests described in paragraph:

I nspection Details and Frequency of Testing, and based upon the results of these

i nspections and tests, he shall take the action required in paragraph: Action

Requi red and submit reports as required in paragraphs: Action Required and Reports.
The | aboratory performng the tests shall conformw th ASTM C 1077. The individuals

who sanple and test concrete or the constituents of concrete as required in this
speci fication shall have denonstrated a know edge and ability to performthe
necessary test procedures equivalent to the ACI m ninum guidelines for certification
of Concrete Field Testing Technicians, G ade I.

3.5.2 Inspection Details and Frequency of Testing
3.5.2.1 Fine Aggregate
3.5.2.1.1 G ading

At | east once during each shift in which concrete is being delivered, there shall be
one sieve analysis and fineness nodul us determ nation in accordance with ASTM C 136
and COE CRD C 104, respectively, for the fine aggregate or for each fine aggregate,

if it is batched in nore than one size or classification. The |location at which
sanpl es are taken may be selected by the Contractor as the nost advantageous for
control. However, the Contractor is responsible for delivering fine aggregate to the
m xer within specification limts. Results of tests shall be reported in witing.

3.5.2.1.2 WMbisture Content

VWhen in the opinion of the Contracting Officer the electric noisture meter is not
operating satisfactorily, there shall be at |east four tests for nmpisture content in
accordance with either ASTM C 70, C 566, or COE CRBC 112 during each 8 hour period

of m xing plant operation. The tinmes for the tests shall be selected randonmy within
the 8-hour period. An additional test shall be made whenever the slump is shown to
be out of control or excessive variation in workability is reported by the placing
foreman. When the electric noisture meter is operating satisfactorily, at |east two
di rect measurenents of mpisture content shall be made per week to check the
calibration of the meter.

3.5.2.2 Coarse Aggregate
3.5.2.2.1 G ading
At | east once during each shift that concrete is being delivered, there shall be a

sieve analysis in accordance with ASTM C 136 for each size group of coarse aggregate.
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The location at which sanples are taken may be selected by the Contractor as the
nost advant ageous for production control. However, the Contractor is responsible for
delivering the aggregate to the mxer within specification limts. A test record of
sanpl es of aggregate taken shall show the results of the five nobst recent tests
including the current test. The Contractor nay adopt limts for control coarser than
the specification lints for sanples taken other than at the batch plant bins to
all ow for degradation during handling. Results of tests shall be reported in
writing.

3.5.2.2.2 WMbisture Content

A test for npisture content of each size of coarse aggregatein accordance with

ASTM C 566 or COE CRD C 112 shall be made at |east once a shift. Wen

two consecutive readings for smallest size coarse aggregate differ by nore than

0.5 percent, frequency of testing shall be increased to that spcified for fine
aggregate in paragraph: Moisture Content. These results shall be used to adjust the
added water in the control of the batch plant.

3.5.2.3 Del eterious Substances

VWhen in the opinion of the Contracting Officer a problemexists in connection with
del eteri ous substances in fine or coarse aggregates, tests shall be nade in
accordance with ASTM C 33 at a frequency not |ess than one per week. Results of
tests shall be reported in witing.

3.5.2.4 Scales
3.5.2.4.1 Weighing Accuracy

The accuracy of the scales shall be checked by test weightsat |east once a nmonth for
conformance with the applicable requirenent of paragraph: Scales. Such tests shal
al so be made whenever there are variations in properties of the fresh concrete that
could result frombatching errors. Results of tests shall be reported in witing.

3.5.2.4.2 Batching and Recordi ng Accuracy

Once a week the accuracy of each batching andrecording device shall be checked

during a wei ghing operation by noting and recording the required weight, recorded

wei ght, and the actual weight batched. The Contractor shall provide the necessary

calibration devices and confirmthat the adm xture di spensers described in paragraph:
Equi pment are operating properly. Results of tests shall be reported in witing.

3.5.2.5 Batch-Pl ant Contr ol

The nmeasurenent of all constituent materials including cenent, pozzolan, each size of
aggregate, water, and adm xtures shall be continuously controlled. The aggregate

wei ghts and anount of added water shall be adjusted asnecessary to conpensate for
free noisture in the aggregates. The ampunt of airentraining adm xture shall be
adjusted to control air content within specified limts. A report shall be prepared
i ndicating type and source of cement used, type and source of pozzol an used, anount
and source of adm xtures used, aggregate source, the required aggregate and water

wei ghts per cubic yard, ampunt of water as free nmoisture in each size of aggregate,
and the batched aggregate and water weights per cubic yard for each class of concrete
bat ched during plant operation. The report shall be submtted to the Contracting
Oficer.

3.5.2.6 Concrete

3.5.2.6.1 Air Content

At least two tests for air content shall be made on randomy sel ected bat ches of
each cl ass of concrete during each 8 hour period of concrete production. Additional

tests shall be made when excessive variation in workability is reported by the
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pl aci ng foreman or the Contracting O ficer. Tests shall be nade in accordance wth
ASTM C 231. For concrete having a nom nal maxi mum aggregate size of 3/4to 1-1/2

i nches, the average of each set of two tests shall be plotted on a control chart on
whi ch the average is set at 5 percent and the upper and |lower control lints at4 and
6 percent, respectively. The control charts shall be submitted to the Contracting
Oficer.

3.5.2.6.2 Slunp

At least two slunp tests shall be nade on randomy sel ected batches ofeach m xture

of concrete during each day's concrete production in accordance with ASTMC 143.
Additional tests shall be made when excessive variation in workability is reported by
the placing foreman or the Contracting Officer. The average of each set of twotests
shall be plotted on a control chart on which the upper and lower limts are

set 1.5 inches above and bel ow the m drange value. The range shall be plotted on a
control chart on which the upper control limt is 3.0 inches. The control chart

shall be submitted to the Contracting Officer.

3.5.2.6.3 Batch Tickets

The manufacturer of the concrete shall furnish to the Contracting O ficer's
Representative with each batch of concrete, before unloading at the site, a delivery
ticket prepared in accordance with the requirements of ASTM C 94.

3.5.2.7 Preparation for Placing

Foundation or construction joints, fornms, and enbedded items shall be inspected in
sufficient tinme prior to each concrete placement by the Contractor in order to
certify to the Contracting Officer that they are ready to receive concrete. The
results of each inspection shall be reported in witing.

3.5.2.8 Placing

The placing foreman shall supervise all placing operations, shall determ ne that the
correct quality of concrete or grout is placed in each location as directed by the
Contracting O ficer, and shall be responsible for measuring and recordi ng concrete

t enperatures, anbient tenperature, weather conditions, time of placenent, yardage

pl aced, and nethod of placenent. A report shall be submitted in witing to the
Contracting O ficer.

3.5.2.9 Vibrators

The frequency and anplitude of each vibrator shall be determ ned in accordance with
COE CRD-C 521 prior to initial use and at |east once a nonth when concrete is being
pl aced. Additional tests shall be nade when a vibrator does not appear to be
adequately consolidating the concrete. The frequency shall be determ ned while the
vibrator is operating in concrete with the tachonmeter being held against the upper
end of the vibrator while al most subnmerged and just before the vibrator is wthdrawn
fromthe concrete. The anplitude shall be deternmined with the head vibrating in air
Two nmeasurenents shall be taken, one near the tip and anot her near the upper end of
the vibrator head, and these results averaged. The make, npdel, type, and size of
the vibrator and frequency and anplitude results shall be reported in witing.

3.5.2.10 Curing

3.5.2.10.1 Mist Curing

At | east once each day during the curing period, an inspection shall be made of al
areas subject to moist curing. The surface nmpisture condition shall be reported in
writing.

3.5.2.10.2 Curing Conmpound
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No curing conpound shall be applied until it has been verified that the conmpound is
properly m xed and ready for spraying. At the end of each operation, the quantity of
compound used and the area of concrete surface covered shall be reported, and the
rate of coverage in square feet per gallon shall be conputed. The report shall state
whet her coverage is uniform

3.5.2.10.3 I npervious-Sheet Curing

At | east once each day during the curing period, an inspection shall be made of al
areas being cured using inpervious sheets. The condition of the covering and the
ti ghtness of the laps and tapes shall be noted and recorded.

3.5.2.11 Protection

At | east once a day during the curing period, an inspection shall be nade of al
areas subject to coldweather protection. Deficiencies shall be noted. During
renoval of protection, neasurenment of concrete and anbient tenperature shall be made
at least hourly. A report shall be subnmitted in witing to the Contracting O ficer.

3.5.2.12 Mxer Uniformty
3.5.2.12.1 Concrete Plant M xer

At the start of concrete placing, and at | east once every 3 nonths when concrete is
bei ng placed, uniformty of concrete shall be determ ned. The tests shall be
perfornmed in accordance with ASTM C 94. \henever adjustnents in nixeror increased
m xing times are necessary because of failure of any mixer to conply, the m xer shal
be retested after adjustnment. Results of tests shall be reported in writing.

3.5.2.12.2 Truck M xers

At the start of concrete placing and at | east once every 6nmont hs when concrete is
bei ng placed, uniformty of concrete shall be determined in accordance with ASTM C
94. The truck mxers shall be selected randomy for testing. Wen satisfactory
performance is found in one truck m xer, the performance of m xers of substantially
the same design and condition of blades may be regarded as satisfactory. Results of
tests shall be reported in witing.

3.5.2.13 Action Required

3.5.2.13.1 Fine Aggregate

3.5.2.13.1.1 Gading

When the amount passing any sieve is outside the specification limts, the fine
aggregate shall be inmmediately resanpled and retested. |If there is another failure
on any sieve, the fact shall immediately be reported to the Contracting O ficer, and
i medi ate steps shall be taken to rectify the situation.

3.5.2.13.1.2 Misture

Whenever the noisture content of the fine aggregate changes by 0.5percent or nore,
the scale settings for the fineaggregate batcher and water batcler shall be adjusted
directly or by nmeans of a noisture conpensation device.

3.5.2.13.2 Coarse Aggregate Grading

When the amount passing any sieve is outside the specification limts, the coarse
aggregate shall imediately be resanpled and retested. |If the second sanple fails on

any sieve, that fact shall be reported to the Contracting O ficer. \Were two
consecutive averages of five tests are outside specification linmts, that fact shal
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be reported to the Contracting Officer, and i medi ate steps shall be taken to correct
t he grading.

3.5.2.13.3 Deleterious Substances

When the results for a del eterious substance are outside the specification linmt, the
aggregate shall be resanpled and retested for the del eterious substance that failed.
If the second sanple fails, that fact shall be reported to the Contracting O ficer.
When material finer than No. 200 sieve for coarse aggregate exceeds the
specification limt, inmediate steps, such as washing or other corrective actions,
shall be initiated.

3.5.2.13.4 Scal es

Whenever either the weighing accuracy or batching accuracy is found not to conply
with specification requirenments, the plant shall not be operated until necessary
adj ustments or repairs have been nade. Discrepancies in recording accuracies shal
be corrected i medi ately.

3.5.2.13.5 Concrete
3.5.2.13.5.1 Air Content

Whenever points on the control chart approach the upper or lower control limts, an
adj ust ment should be made in the anmount of airentraining adm xture batched. If a
single test result is outside the specification limt, such adjustnment is nandatory.
As soon as practical after each adjustnent, another test shall be made to verify the
correctness of the adjustment. \Whenever a point falls above the upper control limt
for range, the dispenser shall be calibrated to ensure that it is operating correctly
and with good reproducibility. Whenever two consecutive points for either average or
range are outside the control limts, the Contracting Officer shall be notified.
VWhenever the air content departs fromthe specified range, the concrete shall not be
delivered to the forns.

3.5.2.13.5.2 Slunp

Whenever points on the control chart approach the upper or lower control limts, an
adj ust ment should be nmade in the batch weights of water and fine aggregate. The
adjustments are to be nmade so that the total free water does not exceed that anount
specified in the approved nixture proportions based on the free water available with
the fine aggregate and that amount of water batched. |f the adjustnments to the batch
wei ghts or water and fine aggregate do not satisfactorily produce the required slunp,
the m xture shall be reproportioned to nmeet the specified criteria and resubnitted to
the Contracting Oficer for approval. Wen a single slunp is outside the contro
[imts, such adjustnment is nandatory. As soon as practical after each adjustnent,
anot her test shall be nade to verify the correctness of the adjustnent. Whenever the
sl unp exceeds the upper linmt stipulated in paragraph: M xture Proportioning

subpar agraph Slunmp, the concrete shall not be delivered to the fornms. Whenever two
consecutive slunp tests, made during a period when there was no adj ustment of batch
wei ghts, produce a point on the control chart for range above the upper contro

limt, the slunp shall be considered to be out of control, and the additional testing
for aggregate mpisture content required in paragraph: Inspection Details and
Frequency of Testing shall be undertaken.

3.5.2.13.6 Placing

The placing foreman shall not pernmit placing to begin until he has verified that an
adequat e nunmber of acceptable vibrators in working order and with conmpetent operators
are available. Placing shall not be continued if any pile of concrete is

i nadequately consolidated. |f any batch of concrete fails to nmeet the tenperature
requi rements, immediate steps shall be taken to inprove tenperature controls.

3.5.2.13.7 Curing
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3.5.2.13.7.1 Mdist Curing

When a daily inspection report lists an area of inadequate curing, the required
curing period for that area shall be extended by 1 day.

3.5.2.13.7.2 Curing Compound

When the coverage rate of curing conmpound is |l ess than that specified or when the
coverage is not uniform the entire surface shall be sprayed again.

3.5.2.13.7.3 I npervious-Sheet Curing

VWhen a daily inspection report lists any tears, holes, or laps of joints that are not
completely closed, the tears and holes shall pronmptly be repaired or the sheets
replaced, the joints closed, and the required curing period for those areas shall be
ext ended by 1 day.

3.5.2.13.8 Protection

When any concrete tenperature during the period of protection orprotection renoval
fails to conply with the specifications, that fact shall be reported to the
Contracting O ficer, and i medi ate steps should be taken to correct thesituation

3.5.2.13.9 Mxer Unifornmty

VWhen a mixer fails to meet mxer uniformity requirenments, either the mxing tine
shall be increased or adjustnents shall be made to the m xer until conpliance is
achi eved.

3.5.2.14 Reports

All results of tests or inspections conducted shall be reported informally as they
are conpleted and as required. A weekly report shall be prepared for the updating of
control charts covering the entire period fromthe start of the construction season
t hrough the current week. All reports generated fromtests obtained in the field
shall include features of work, stationing, and other pertinent information, as
directed by the Contracting Oficer. During periods of col dweather protection,
reports of pertinent tenperatures shall be made daily. These requirenents do not
relieve the Contractor of the obligation to report certain failures immediately as
required in precedi ng paragraphs. Such reports of failures and the action taken
shall be confirmed in witing in the routine reports. The Contracting Oficer has
the right to examne all Contractor quality control test and inspection records.

-- End of Section --
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